; Kang and( ‫شوند‬ ‫ها‬ ‫هزینه‬ .) Basford and Cooper, 1998 ‫ژنوتیپ‬ ‫متقابل‬ ‫اثر‬ ‫تجزیه‬ ‫برای‬ ‫زیادی‬ ‫پارامترهای‬ ‫مبتنی‬ ‫روش‬ ‫از‬ ‫استفاده‬ ‫است.‬ ‫شده‬ ‫ارائه‬ ‫محیط‬ -‫مورد‬ ‫های‬ ‫روش‬ ‫اولین‬ ‫زمره‬ ‫در‬ ‫رگرسیون‬ ‫بر‬ Finlay and Wilkinson, 1963 ;( ‫است‬ ‫استفاده‬ ‫های‬ ‫روش‬ ‫سایر‬ .) Eberhart and Russell, 1966 ‫شم‬ ‫روش‬ ،) AMMI GE interaction phenomenon aids breeders in eliminating unnecessary testing locations, which results in a major cost reduction . Safflower (Carthamus tinctorius L.)
is an annual plant that is adapted for growth in hot and dry environments with a considerable drought resistance due to its deep roots. Safflower has been used for many purposes such as, a dye, food coloring, a medicinal, a vegetable side dish, hay and forage, birdseed, edible oil and both fresh-cut and dried flowers. Genetic variation is the most important factor in successful genotype selection and breeding programs. Therefore, evaluation of germplasm collections is one of the most important methods to recognize suitable genotypes, which can help breeders to release new varieties. Spatial variability is inherent in all field experiments. The relative performance of lines varies with environment, and this G×E interaction hampers selection of lines for cultivation over a wide region. The additive main effects and multiplicative Interaction (AMMI) model is a multivariate statistical method that entirely justifies genotype and environment main effects as well as multiplicative G×E interaction effects. This method provides a clear interpretation of G×E interaction effect ).
Materials and Methods:
Thirty safflower genotypes were evaluated over a three-year period (2012-15) across two research stations in Iran. There were 6 growing environments in total. The individual trials were conducted using a randomized complete block design with 3 replications.
The experiments were planted in early autumn of each year. Each genotypes was sown in plots (9 m 2 ) of 6 rows, 5-m long with spacing of 30-cm between rows. Normal agronomic operations like weed and pest control were done. Four rows of each plot were harvested leaving 50 cm on both ends of the rows in order to exclude border effects. Simple analyses of variance in all environments were done for seed yield, separately. Combined analysis of variance was performed assuming genotype effect as fixed, environment effect as random factor.
Results and Discussion:
The results of combined analysis of variance showed that there were highly significant differences (P<0.01) among genotypes, environments and interaction effects for seed yield. The analysis of data from safflower trials showed that 28.70% of the total sum of squares was attributable to environmental effects, 55.91% to genotypic effects, and 15.39%
to genotype ´ environment interaction effects. Main effects due to environment, genotype, and genotype ´ environment interactions as well as four first interaction principal components (IPCA1-4) were found to be significant, indicating that the agro-climatic environmental conditions were different, and that there was a differential response of the genotypes to the environments.
The first two IPCA components of the GE interaction explained 83.57% of the GE interaction.
Estimates of six genotypic parameters and their ranking for seed yields of safflower genotypes are given in Tables 2 and 3 . According to IPCA1, G7 and G2 had the lowest scores and were the most stable genotypes whereas G21 and G20 with the highest scores were found to be unstable.
The lowest ASV was observed for G2 and G4 that were the most stable genotypes whose mean yield was higher than the grand mean. However, the highest ASV scores were achieved by G21, G20 and G27. AMMI biplot was used to visualize mean seed yield performance and stability of safflower genotypes. AMMI biplot was able to distinguish stable genotypes with broad sense and narrow sense adaptation and environments with high and low genotype discrimination ability.
The genotypes 2 and 4 with higher seed yield than the total mean were the most stable genotypes, while the genotypes 20 and 21 with the highest contribution to GE interaction were the most unstable genotypes. Wricke's ecovalence stability parameter (W 2 i
) showed that the genotypes G9, G2, G11 and G4 were the most stable genotypes.
Conclusion:
In this study, according to the AMMI model, the G2 and G4 were the genotypes that exhibited the best adaptation and superiority in the all environments. These two genotypes with no thorns and red flowers were also determined as the most stable among the tested genotypes based on Wricke's ecovalence analysis. Moreover, AMMI biplot demonstrated that G2 (genotype 411), which produced yields greater than the grand mean, can be considered stable with the ability to produce sufficient yields.
